for a detailed comparative study of the parasternal and subcostal techniques.
suMMARY Subcostal M-mode echocardiography has been suggested as a method for assessment of left ventricular size and function. Parasternal and subcostal measurements (direct and derived) of left ventricular function were compared in 30 healthy young subjects. We calculated instantaneous left ventricular diameter and wall thickness every 10 ms for both the subcostal and parasternal approaches using a computer program for echocardiographic digitisation and compensation. All variables were filtered to calculate instantaneous first derivative (velocity) and logarithnic derivative (normalised velocity). The program provided normal values for computerised variables of left ventricular function from the subcostal approach. It was found that there was no identity and no correlation or a poor one between subcostal and parasternal left ventricular internal diameters and volumes. The parietal wall thickness was significantly greater using the subcostal approach, and the comparative velocities study showed striking variations between the two approaches, especially in diastole, where the peak lateral wall tinning rate was 20% lower than the posterior tinning rate.
We conclude that for a normal and young population, the subcostal and standard parasternal data cannot be used interchangeably for precise studies of left ventricular function. The subcostal approach, however, provides useful complementary information about lateral wall motion.
M-mode echocardiography from the subcostal approach is today a well accepted method of investigation. I for a detailed comparative study of the parasternal and subcostal techniques.
Patients and methods
Thirty-two consecutive medical students were studied. Careful examination by a cardiologist included a complete medical history, auscultation, and electrocardiography; one subject with auscultatory findings of mitral valve prolapse (confirmed by echocardiography) and a second with a previous history of rheumatic mitral valve disease were excluded from this study. All the remaining 30 subjects were considered to be healthy and submitted to our echocardiographic laboratory. We could not obtain high quality parasternal echocardiographic recordings in three subjects. In 19 out of the 27 remaining subjects, sufficiently high quality recordings were achieved in both parasternal and subcostal techniques (70%): these 19 subjects (10 men and nine women) formed the study group. Their ages ranged from 20 to Rein, Azancot, N'Guyen, Adda, Georgiopoulos, Piekarski, Slama 27 years (mean 22 years).
All the echocardiographic recordings were performed with an "Irex system II" instrument using black and white photographic paper. end-systole, but the correlations were poor (y=0-7x+ 15 with r=0-59 and y=0-8x+8 with r=0-53, respectively). Comparing septal and posterior wall thickness at end-diastole, both thickness values were significantly higher using the subcostal approach (11% and 14%, respectively; p<0-05). The correlation was better for posterior wall thickness (r=060) and improved normalising posterior wall thickness by the end-diastolic value of D:Hp/Dd (r=0-68). As a mathematical consequence, the corresponding values of the shortening and thickening fractions correlated poorly.
VOLUMES AND MASSES (Table 2) Similar results were found for end-diastolic and endsystolic left ventricular volumes, directly computed 800 1000 from the corresponding D valves. A slight but not significant tendency was noted from the subcostal approach to overestimate volumes and to underestimate ejection fraction, and cardiac and stroke indexes. As expected from values of septal and posterior wall thickness, the values for myocardial volume (Vw) and normalised myocardial volume were significantly higher using subcostal echocardiography (21% and 13%, respectively; p<0-02). Significant correlations were found only for end-diastolic volume (EDV) and 800 1000
Vw/EDV (y=0-7x+41 with r=0-59 and y=0-9x+0-I with r=0-64).
VELOCITIES
Peak normalised velocities during the systolic and the diastolic periods were compared for each subject using parasternal and subcostal approaches ( To obtain an ideal method of comparison between the two approaches, the ultrasonic beam should be directed, in the subcostal approach as in the parasternal one, in such a way as to intersect the longitudinal axis perpendicularly at-the level of the chordae tendineae. In our experience, however, based on crosssectional echocardiography, this is especially difficult in the subcostal view, because the recorded diameter frequently defines an angle with the true left ventricular internal diameter: the wider the angle, the greater the overestimation. This may explain the slightly higher values of left ventricular internal diameters found in the subcostal technique compared with the parasternal view, even if no statistical significance could be shown. The low value, however, may be the result of the homogeneity of the study population and the narrow range of values. For the same reasons, the cavitary end-diastolic and endsystolic volumes (directly calculated from the diameters) were slightly but not significantly higher in the subcostal group than in the parasternal one, and again did not correlate well. Similarly, the shortening fraction, the ejection fraction, and the cardiac index were slightly but not significantly lower in the subcostal group than in the parasternal one, and again did not correlate well. and this may explain in part their correlation, since the more dilated the left ventricle, the more spheric the cavity, with a narrower angle between the true and recorded left ventricular short axis diameter. These patients also influence the regression curve.
The angulation problems might not be the sole factor in the overestimation of the left ventricle from the subcostal view since anatomical differences may exist between the structures visualised in the parasternal and subcostal examinations, and are particularly critical for the comparison between parasternal and subcostal wall thickness values. From the study of Greenbaum et al.,'4 dealing with myocardial architecture of the different left ventricular regions, it appears that the lateral wall thickness (measured after dissection) was 14% higher than the posterior wall. These findings would be consistent with our results: using the subcostal approach we found an overestimation of septal and posterior wall thickness and myocardial volume of 14%, 11%, and 21%, respectively. The angulation problems already discussed may also have a significant influence in the discrepancy between the corresponding thickness values using both approaches. When 25 variations between the two methods appeared for the diastolic peak rates of septal and posterior wall thinning. Thus, it seems that the peak rate of lateral wall thinning is 20% lower than the peak rate of posterior wall thinning. The maximum velocity for the lower septum is also 30% lower than for the upper septum.
In summary, the lack of correlation between the parasternal and subcostal echo methods in our population implies that the subcostal approach cannot be used interchangeably with the standard parasternal echocardiography. The given subcostal normal values for classical left ventricular size and function as well as the computer derived measurements for instantaneous cavity and wall velocity will, however, probably prove very useful for an accurate analysis of lateral left ventricular wall motion, which is not readily available from the parasternal view. The subcostal approach is thus not an alternative but a complementary method of investigation to standard M-mode parasternal echocardiography; the additional information may be of particular importance in patients with coronary artery disease and left ventricular asynergy.
